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KRPRJHQL]H WKHHOHFWURO\WHFRPSRVLWLRQ LQ WKHFHOO DQG GHFUHDVH WKHGRXEOH OD\HU WKLFNQHVV IRUPHGRQ WKH
DQRGHVXUIDFH 7KHR[LGH ILOPV WKDWIRUPHGLQWKHILUVWVWHSZDVHWFKHGDZD\LQDQDTXHRXVVROXWLRQRISKRVSKRULFDFLG
ZWDQGFKURPLFDFLGZWE\KHDWLQJDW.IRUPLQXWHVDQGWKLVJHQHUDWHGGLPSOHVRQWKHPHWDOVXUIDFH,Q
WKHVHFRQGVWHSWKHDQRGL]DWLRQZDVFDUULHGRXWIROORZLQJWKHVDPHFRQGLWLRQVDV WKRVHRIWKHILUVWDQRGL]DWLRQVWHSDQGZHOO
RUGHUHGSRUHVWUXFWXUHZDVREWDLQHGLQDERXWDQGPLQXWHVRIWKHSURFHVV)DVW)RXULHU7UDQVIRUP))7RIWKH)(
6(0LPDJHVWDNHQIURPWKHWRSVXUIDFHRIWKH$$2 ILOPV RQWKHDQRGL]HG$OFRXSRQVZHUH DQDO\]HGDQGIRUWKLFNQHVV
PHDVXUHPHQWFURVVVHFWLRQRIWKH$$2ILOPVZHUHWDNHQDQGDJDLQWKURXJK)(6(0WKHGHSWKRUWKLFNQHVVRI$$2 ILOPV
ZHUHPHDVXUHG $OOVDPSOHVZHUHFODPSHGLQDVSHFLDOO\GHVLJQHGIL[WXUHGHSLFWHGLQWKH)LJIRUYLHZLQJFURVVVHFWLRQ
DQGGHSWKRIR[LGHOD\HUIURPWKHGLUHFWLRQZKLFKZDVQRUPDOWRWKHFURVVVHFWLRQVRDVWRHOLPLQDWHFKDQFHVRIHUURULQGHSWK
PHDVXUHPHQWV
)LJ  $VSHFLDODOXPLQLXPIL[WXUHDVVKRZQDERYHLQ)LJDZDVGHVLJQHGDQG IDEULFDWHGWRVHFXUHWKH9EHQWIUDFWXUHG$$2VSHFLPHQIRU
FURVVVHFWLRQDOREVHUYDWLRQXQGHU)(6(0)LJEGHSLFWVWKHWHFKQLTXH
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)RUREVHUYLQJRUGHULQJ LQ WKHSRURXV VWUXFWXUH FRQYHQWLRQDOPHWKRGRI 6(0ZDV IROORZHGDQG VDPSOHVZHUH
YLHZHGIURPWKHWRSVXUIDFH)RXUW\SHVRIDQRGL]LQJHOHFWURO\WHVYL]&KURPLF2[DOLF3KRVSKRULFDQG6XOSKXULF
DFLGVKDYHEHHQXVHGDQGDQRGL]DWLRQSURFHVVSDUDPHWHUVKDYHEHHQVWULFWO\IROORZHGDVSHUVHOIRUGHULQJUHJLPH
UHSRUWHGHDUOLHU >1HLOVFKHW DO @ DQG WKHGHWDLOVDUHJLYHQ LQ WDEOHQR)RUDOO WKHVH IRXUHOHFWURO\WHVQLQH
VDPSOHV>[IRUHDFKHOHFWURO\WH@ZHUHWDNHQVRWKDWDYHUDJHRIWKUHHVDPSOHVVXEMHFWHGWRVDPHWUHDWPHQWPD\
EHWDNHQIRUPRUHUHOLDEOHUHVXOWV)RUDJLYHQHOHFWURO\WHVDPSOHVZHUHDQRGL]HGIRUGLIIHUHQWWLPHGXUDWLRQV
 DQG  KRXUV LQ WKH VHFRQG VWHS RI DQRGL]DWLRQ VR DV WR GHWHUPLQH WKH RSWLPXP WLPH IRU REWDLQLQJ WKLFNHVW
ILOPV
 5HVXOWVDQGGLVFXVVLRQ
7KH UHVXOWV RI VDPSOHV DQRGL]HG LQ IRXU FRPPRQO\ XVHG HOHFWURO\WHV LH FKURPLF R[DOLF SKRVSKRULF DQG
VXOSKXULF DFLGV KDYH EHHQ SUHVHQWHG LQ )LJ   7KH 7RS YLHZ )(6(0 LPDJHV RI WKH EHVW RQH RXW RI WKH QLQH
VDPSOHV KDYLQJ JLYHQ VDPH WUHDWPHQW KDV EHHQ SUHVHQWHG KHUH +RZHYHU WKHUH LV QR VLJQLILFDQW GLIIHUHQFH LQ WKH
VDPSOHVDQRGL]HGLQWKHVDPHHOHFWURO\WHXQGHUWKHVDPHFRQGLWLRQV H[FHSW RQHFRQGLWLRQGLIIHUHQWWLPHGXUDWLRQLQ
WKHVHFRQGVWHSRIDQRGL]DWLRQLHVDPSOHV6 6DQG6 3O UHIHU WDEOH KDYHPRUHRUOHVVVDPHSRUHVWUXFWXUH
DQGRUGHULQJ 7KHILJXUH VKRZV 7RSYLHZVRIWKHVDPSOHVDQGWKHLU))7V)DVW)RXULHU7UDQVIRUPV LQWKHLQVHW,W
FDQEHVHHQWKDWEHVWSRUHRUGHULQJLVREWDLQHGZKHQR[DOLFDFLGLVXVHGDVHOHFWURO\WH7KH ))7LQWKDWFDVHLVDOVR
VKRZLQJVL[GLVWLQFWVSRWVZKLFK WKHFKDUDFWHULVWLFLV RIKH[DJRQDOO\RUGHUHGSRURXV VWUXFWXUH
)LJ  6HOHFWHG)(6(0LPDJHVRIWKHVDPSOHVDQRGL]HGLQIRXUHOHFWURO\WHVDQGWKHLUFRUUHVSRQGLQJ
)DVW)RXULHU7UDQVIRUPV))7LQWKHLQVHWVDVXOSKXULFDFLGEFKURPLFDFLGFR[DOLFDFLGDQGGSKRVSKRULFDFLG
7KH VHFRQG EHVW RUGHULQJ LV DFKLHYHGZKHQ SKRVSKRULF DFLG KDV EHHQ XVHG 7KH ))7 VKRZV D KD]\ ULQJ W\SH
VWUXFWXUH 7KLV KD]\ ULQJ LV WKH UHVXOW RI RYHUODSSLQJ RIPDQ\ KH[DJRQV 7KH UHVXOWV RI WKH VDPSOHV DQRGL]HG LQ
FKURPLFDQGVXOSKXULFDFLGDUHVLPLODU,QERWKRIWKHFDVHVWKHGHJUHHRIRUGHUHG SRURXVVWUXFWXUHREWDLQHGLVORZHU
ZKLFKLVDOVRHYLGHQWIURPWKHLU))7V7KH))7VRIERWKVDPSOHVDUHGXOOULQJVRIJUHDWHUWKLFNQHVVLQGLFDWLQJWKDW
WKHLQWHUSRUHGLVWDQFHGLVWULEXWLRQLVZLGHDQGQRWDVQDUURZDVLQWKHFDVHRISKRVSKRULFDFLG 7KHLQFRUSRUDWLRQRI
DFLG DQLRQ LQ WKH IRUPHG $$2 ILOP PD\ EH WKH UHDVRQ IRU WKH REWDLQHG GLIIHUHQFH LQ WKH GHJUHH RI RUGHULQJ
$OWKRXJKLWLV ZLGHO\DFFHSWHGIDFWWKDWDQRGL]DWLRQSURFHVVLVYHU\HDV\WRSHUIRUPEXWYHU\FRPSOH[WRXQGHUVWDQG
DV WKHUH DUH PDQ\ IDFWRUV ZKLFK PD\ DIIHFW LW 7KH VL]HV RI WKH IRUPHG SRUHV DQG LQWHUSRUH GLVWDQFHV ZHUH
DSSUR[LPDWHO\ VDPH DV SHU WKH HPSLULFDO UHODWLRQVKLS LQ WKH RSHQ OLWHUDWXUH LH WKH SRUH GLDPHWHU DQG LQWHUSRUH
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GLVWDQFHV DUHSURSRUWLRQDO WRDQRGL]DWLRQYROWDJHDQGWKHYDOXHVRIWKHVHWZRDUHQPSHUYROWDQGQPSHUYROW
UHVSHFWLYHO\,QWKLVH[SHULPHQWDQRGL]DWLRQYROWDJHIRUVXOSKXULFDFLGZDV9DQGKHQFHGLDPHWHURISRUHVLV
DSSUR[QPDQG LQWHUSRUHGLVWDQFH LVDSSUR[QP6LPLODUO\ WKHGLDPHWHUDQG LQWHUSRUHGLVWDQFHV LQFDVHRI
2[DOLFDQG&KURPLFDFLGVKDYHEHHQIRXQGLQDV DQGQPUHVSHFWLYHO\3RUHGLDPHWHUDQGLQWHUSRUHGLVWDQFH
LQFDVHRI3KRVSKRULFDFLGKDYHEHHQIRXQGDVQP DQG QP UHVSHFWLYHO\ZKLFKYHU\ZHOO FRUUHVSRQG WRWKH
HPSLULFDOUHODWLRQ 7KHUHVXOWVRIWKLFNQHVVPHDVXUHPHQWVIRUWKHIRXUW\SHVRIHOHFWURO\WHVKDYHEHHQVKRZQLQWKH
)LJDQG)LJ)LJ VKRZV WKHFURVV VHFWLRQDO )(6(0 LPDJHVRI WKH VDPSOHVZKLOH)LJ VKRZV WKHHIIHFW RI
HOHFWURO\WHDQGWLPHRIVHFRQGVWHSRIDQRGL]DWLRQRQWKHWKLFNQHVVRI$$2ILOPV 7KHWKLFNHVW$$2ILOPVP
KDYHEHHQREWDLQHGZKHQ2[DOLFDFLGKDVEHHQXVHGDVWKHHOHFWURO\WHDQGWKHGXUDWLRQRIVHFRQGVWHSRIDQRGL]DWLRQ
LVKRXU 7KHWKLFNQHVVRI$$2LQDOOWKHIRXUFDVHVKDYHEHHQIRXQGWREHPD[LPXPRUFRQVWDQWDIWHURQHKRXURI
DQRGL]DWLRQ LQ WKHVHFRQGVWHS LQGLFDWLQJ WKDWRQHKRXU LV WKHRSWLPXPWLPH IRU WKHSURFHVV WRJHW WKLFNHVW ILOPV
:KHQ DQRGL]DWLRQ LV VWDUWHG DIWHU GLVVROXWLRQ RI WKH IRUPHG$$2 ILOP WKDW ZDV REWDLQHG GXULQJ WKH ILUVW VWHS RI
DQRGL]DWLRQ WKHSRUHV QXFOHDWH IURP WKH GLPSOHV OHIW LQ WKHPHWDO ,QLWLDOO\ WKLFNQHVVRI QDQRSRURXV $$2 ILOP LV
YHU\OHVV,WLQFUHDVHVZLWKDFRQVWDQWJURZWKUDWHZKLFKLVKLJKHUDVFRPSDUHGWRGLVVROXWLRQUDWH ,QDOORIWKHIRXU
HOHFWURO\WHV $OXPLQLXP 2[LGH LV VROXEOH DQG WKH FKHPLFDO UHDFWLRQ GHFUHDVHV WKH $$2 WKLFNQHVV IURP WKH WRS
VXUIDFHZKLFKLVLQGLUHFWFRQWDFWZLWKWKHHOHFWURO\WH $IWHUVRPHWLPHWKHUHLVG\QDPLFHTXLOLEULXPLQ WKHJURZWK
UDWHDQGGLVVROXWLRQUDWHRI$$2ILOPV DQG WKHSURFHVVDWWDLQVVWHDG\ VWDWHDQG LW LV IRXQG WKDW DIWHURQHKRXU WKH
GLVVROXWLRQUDWHWDNHVRYHUIRUPDWLRQUDWHDQGKHQFHWKLFNQHVVVWDUWVGHFUHDVLQJ
)LJ  6HOHFWHGFURVVVHFWLRQDO)(6(0LPDJHVRIWKHVDPSOHVDQRGL]HGLQIRXUHOHFWURO\WHV
D 6XOSKXULFDFLGE 2[DOLFDFLGF &KURPLFDFLGDQGG 3KRVSKRULF DFLG
)LJVKRZV3ORW RIWKHDYHUDJHWKLFNQHVVHVRIWKH$$2ILOPVDQRGL]HGLQIRXUHOHFWURO\WHV YL] D6XOSKXULFDFLG
E2[DOLFDFLGF&KURPLFDFLGDQGG3KRVSKRULFDFLGYVDQRGL]DWLRQWLPHLQWKHVHFRQGVWHSRIDQRGL]DWLRQ ,WLV
IRXQGWKDWWKLFNHVW$$2ILOPVKDYHEHHQREWDLQHGZKHQHOHFWURO\WHLVR[DOLFDFLGDQGWKHWLPHLQWKHVHFRQGVWHSRI
DQRGL]DWLRQLVKRXU (YHQLIDQRGL]DWLRQLVFRQWLQXHGIRUDQRWKHUPLQXWHVWKHUHLVQRLQFUHDVHLQWKLFNQHVVDV
WKH HOHFWURFKHPLFDO IRUPDWLRQ UDWH E\ DQRGL]DWLRQ LV QHXWUDOL]HG E\ FKHPLFDO GLVVROXWLRQ UDWH RI WKH$$2 LQ WKLV
DFLG
1272   M.K. Kushwaha /  Procedia Materials Science  5 ( 2014 )  1266 – 1273 
)LJ  3ORWRIWKH DYHUDJH WKLFNQHVVHVRIWKH$$2ILOPVDQRGL]HGLQIRXUHOHFWURO\WHVD6XOSKXULFDFLGE
2[DOLFDFLGF&KURPLFDFLGDQGG3KRVSKRULFDFLGYVDQRGL]DWLRQWLPHLQWKHVHFRQGVWHSRIDQRGL]DWLRQ
7KHUH LV GHFUHDVH LQ WKH WKLFNQHVV RI WKH $$2 ILOPV LI DQRGL]DWLRQ LV FRQWLQXHG DIWHU RQH KRXU LQ FDVH RI
6XOSKXULFDFLG DQG&KURPLF DFLGVROXWLRQV7KLVPD\EHDWWULEXWHGWRWKHLQFUHDVHLQWKHGLVVROXWLRQUDWHDVFRPSDUHG
WRWKHIRUPDWLRQUDWHLQWKHVHFDVHVEHFDXVHERWKRIWKHVHDFLGVDUHFRPSDUDWLYHO\PRUHDJJUHVVLYHWKDQWKHRWKHU
DFLGV7KH$$2WKLFNQHVV GHFUHDVHV IURPPD[LPXPRI PPWRPPDQGIURPPD[LPXPRI PPWR PPLQ
FDVHRI6XOSKXULFDQG&KURPLFDFLGVUHVSHFWLYHO\
 &RQFOXVLRQ
$QRGL]DWLRQLQIRXUFRPPRQO\XVHG HOHFWURO\WHVZDV FRQGXFWHGWRGHWHUPLQHZKLFKLVWKHEHVWHOHFWURO\WHRXWRI
6XOSKXULFDFLG 2[DOLFDFLG &KURPLFDFLG DQG 3KRVSKRULF DFLGV WRJHWWKHKLJKHVWGHJUHHRISRUHRUGHULQJDQGZKDW
LVWKHRSWLPXPWLPHLQWKHVHFRQGVWHSRIDQRGL]DWLRQWRJHWWKHWKLFNHVW$$2ILOPV ,WZDVIRXQGWKDW2[DOLFDFLGLV
WKHEHVWRXWRI WKHVH IRXUHOHFWURO\WHVJLYLQJEHVWRUGHULQJDQG WKLFNHVW$$2 OD\HU DQGRQHKRXU LV WKHRSWLPXP
WLPHWRJHWPD[LPXPWKLFNQHVVXQGHUFRQGLWLRQVRIVHOIRUGHULQJUHJLPH IRUDOOHOHFWURO\WHV
$FNQRZOHGJHPHQWV
7KHDXWKRULVWKDQNIXOWRODWH'U+%6KDUGD([3ULQFLSDO6%6&ROOHJHRI(QJLQHHULQJDQGWHFKQRORJ\ QRZ
UHQDPHV DV 6%66WDWH7HFKQLFDO&DPSXV )HUR]HSXU 3XQMDE ,QGLD IRU UHOLHYLQJ KLP IURPGXW\ IRU WKUHH \HDUV
XQGHU4XDOLW\,PSURYHPHQW3URJUDPPH4,3IRUKLV3K'DW,,75RRUNHH,QGLD4,3FHQWUH,,75RRUNHH
DQG$,&7($OO,QGLD&RXQFLOIRU7HFKQLFDO(GXFDWLRQ,QGLDIRUVSRQVRULQJKLPXQGHU4,3
5HIHUHQFHV
7KRPSVRQ *( DQG:RRG *& ³$QRGLFILOPVRQDOXPLQLXP´ ,QWUHDWLVHRQPDWHULDOVVFLHQFHDQGWHFKQRORJ\9RO&RUURVLRQ
$TXHRXV3URFHVVDQG 3DVVLYH)LOPV6FXOO\-&(G$FDGHPLF3UHVV,QF1HZ<RUN&KDSWHU
0DVXGD+ )XNXGD. 2UGHUHG0HWDO 1DQRKROHDUUD\VPDGHE\DWZRVWHSUHSOLFDWLRQRIKRQH\FRPEVWUXFWXUHRIDQRGLFDOXPLQD 6FLHQFH

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$GYDQFHVLQVXUIDFH HQJLQHHULQJDQGHPHUJLQJ
DSSOLFDWLRQV 3URJUHVVLQ0DWHULDOV6FLHQFH ±
1273 M.K. Kushwaha /  Procedia Materials Science  5 ( 2014 )  1266 – 1273 
&KL/=KL &  (QF\FORSHGLDRI1DQRVFLHQFHDQG1DQRWHFKQRORJ\ HGLWHGE\+61DOZDY $PHULFDQ6FLHWLILF3XEOLVKHUV
*HUUDUG (- 3 $OL 1 DQG)DZFHWW ' 3URJUHVVLQ1DQR(QJLQHHUHG$QRGLF$OXPLQXP2[LGH0HPEUDQH'HYHORSPHQW
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